The existence of periodic solutions for second-order Liénard equations with p-Laplacianlike operator is studied by applying new generalization of polar coordinates.
Introduction
In recent years, the existence of periodic solutions for second-order Liénard equations u + f (u,u )u + g(u) = e(t,u,u ) (1.1) and its special case have been studied by many researchers, we refer the readers to [1, 3, 4, 6, 7, [9] [10] [11] [12] and the references therein. Let us consider the so-called one-dimensional p-Laplacian operator (φ p (u )) , where p > 1 and φ p : R → R is given by φ p (s) = |s| p−2 s for s = 0 and φ p (0) = 0. Periodic boundary conditions containing this operator have been considered in [2, 5] .
In [8] , Manásevich and Mawhin investigated the existence of periodic solutions to some system cases involving the fairly general vector-valued operator φ. They considerd the boundary value problem φ(u ) = f (t,u,u ), u(0) = u(T), u (0) = u (T), (1.2) where the function φ : R N → R N satisfies some monotonicity conditions which ensure that φ is a homeomorphism onto R N . Recently, in [16] we studied the existence of periodic solutions for the nonlinear differential equation with a p-Laplacian-like operator φ(u ) + f (t,u,u ) = 0.
(1.3)
Periodic solutions for Liénard equations
Motivated by the work of [13] , in this paper we use new polar coordinates [13] to investigate the existence of periodic solutions for the second-order generalized Liénard equations with p-Laplacian-like operator
(1.4)
Throughout this paper, we always assume that φ, g ∈ C(R, R), f ∈ C(R 2 ,R), e ∈ C([0, T] × R 2 ,R). And the following conditions also hold.
(H1) φ is continuous and strictly increasing, yφ(y) > 0 for y = 0, and there exist p > 2,
, periodic in t with period T, there exist α 1 ,β 1 ,γ 1 > 0, and
(H4) There exist λ,μ, and n ≥ 0 such that
where
(H5) Solutions of (1.4) are unique with respect to initial value.
In this paper, we use a new coordinate to estimate the time when a point moves along a trajectory around the origin and then give some sufficient conditions for the existence of periodic solutions of (1.4).
Periodic solutions with a Laplacian-like operator
Let v = φ(u ). Then (1.4) is equivalent to the system
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then we have the following conclusion. 
.
(2.6)
So we have
It follows that
(2.12) Proof. Applying generalized polar coordinates, 14) or
(2.15)
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so we have 
(2.23)
We select λ large enough such that
, we also have
Lemma 2.1 implies that there is R > 0, such that
when r(0) > R, then our assertion is verified.
Lemma 2.3. Assume that (H1)-(H5) hold, and
where λ is an arbitrary positive number.
Proof. It follows from Lemma 2.1 that if
According to the generalized polar coordinates (2.14), we have
On the other hand, when r(0) → ∞, it holds uniformly from (H1)-(H3) that
(2.34)
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(2.36)
Denote b = min{b 1 ,1}, then we have Assume that it takes time Δt for the motion (r(t),θ(t))(r(0) = A, θ(0) = θ 0 ) to complete one cycle around the origin. It follows from the above inequality that 
